Despite our great efforts to predict the path of evolution, there are very few rules that evolution follows. One classic rule, Dollo's law of irreversibility, argues that once a complex trait is lost it is unlikely, if impossible, to re-evolve that trait -at least in its original form [1, 2] . With evermore detailed descriptions of biodiversity and advancements in phylogenetic techniques it is becoming increasingly clear that evolution breaks Dollo's law. Complicated traits such as wings [3] and coiled shells [4] have re-evolved after ancestral loss. The intriguing question now becomes how does evolution reverse? A new study by Esfeld and colleagues reported in this issue of Current Biology beautifully details the molecular basis of gain-of-function mutations that resurrect the production of color pigments in Petunia flower petals [5] .
The incredible diversity of flower colors makes for splendid bouquets, but this variation of form did not evolve for our enjoyment. Rather, flower color is an important signal that plants use to advertise resources (such as food) to pollinators [6] with the aim of exchanging their gametes with other plants. Due to variable selection pressures across space and time, flower color varies extensively both within and between species of flowering plants. The evolution of color pigment production in flowers was long thought to follow Dollo's law: once pigment is lost, it should not re-evolve. It has been argued [7] , and in some cases demonstrated [8] , that changes of pigment production in the flowers result in relaxed purifying selection on the genes necessary for pigment production. These shifting selection regimes allow for sequence degradation over time through random mutations in unused flower pigment genes. Yet, more and more evidence indicates that floral anthocyanin pigment production can re-evolve in plant lineages; indeed, the gain of pigments may actually be more likely than the loss of pigment in some clades [9] . But how does this happen? Are functiondegrading mutations reversed? Are different genes co-opted to perform a new function? Now, for one case, we finally have an answer.
Detailed study of a small clade of longtube Petunia species reveals a fascinating story of flower color (re-)evolution. The players are P. axillaris, which has lost floral pigment and produces white flowers that are predominantly pollinated by hawkmoths; P. exserta, which has red flowers and is predominantly pollinated by hummingbirds; and the purpleflowered P. secreta, which is pollinated by small bees. Other, more distantly-related Petunia species are pigmented, indicating that pigment production is the ancestral floral condition in this group. The loss of pigment production in P. axillaris is due to mutations in the R2R3-MYB transcription factor AN2 [10, 11] . The outstanding question is why and how the other two species produce pigment. The most likely hypothesis is that the loss of pigment is due to a lineage-specific mutation in P. axillaris and that P. secreta and P. exserta pigment are expressing the ancestral trait. But Esfeld et al. offer an alternative hypothesis -that pigment production re-evolved in the P. secreta and P. exserta lineages.
The re-evolution of pigment production becomes more plausible with new clarity about the phylogenetic relationship between the three long-tube Petunias. It turns out that the two pigmented species, P. exserta and P. secreta, are sister species and the white-flowered P. exserta is sister to the pigmented pair. This topology presents the possibility that loss of color pigment occurred at the base of the long-tube clade and that the pigmented species regained flower color.
By sequencing the AN2 gene of individuals from both the long-tube and the related short-tube clade of petunias, Esfeld et al. uncover the evolutionary history of this important transcription factor and of flower color in these plants. First, consistent with previous work [10] , there have been a number of different mutations that each break the function of AN2 and lead to white flower color in P. exserta. Second, both the pigmented species have AN2 alleles that contain these would-be loss-of-function mutations. In particular, all P. secreta individuals share a single base-pair mutation with a common haplotype found in P. exserta. In other words, the mutation that causes white flowers is also found in the pretty purple-pigmented Petunia. This 'white-mutation' occurred prior to the divergence of P. secreta and P. exserta, and pigmentation must have re-evolved ( Figure 1) .
Incredibly, all P. secreta alleles also contain a two base-pair deletion that, in concert with the single base-pair deletion causing white flowers in P. exserta, shifts AN2 back in phase and removes the premature stop codons. Not only did these petunias break Dollo's law by regaining a lost trait, this trait resurrection actually occurred through a 'regain-offunction' mutation. Through a series of molecular experiments, Esfeld et al. demonstrate that P. secreta's AN2 allele is sufficient to regain some pigment production in the white-flowered P. exserta species and that loss of function of this R2R3-MYB transcription factor causes loss of pigment production in the flowers of P. secreta.
Yet, flower color in Petunia may not indiscriminately break evolutionary laws. The R2R3-MYB is a hot-spot for flower color evolution and this clear evolutionary lability is consistent with adaptive mutations occurring in genes with low pleiotropic effects. Variation in expression and protein function of the R2R3-Myb is responsible for flower color variation in a number of other species including Phlox [12] , Mimulus [13] , and Antirrhinum [14] . Changing function or expression of any of the core enzymes in the pigment production pathway or the other known transcription factors which regulate them could cause flower color change, so why is the R2R3-MYB so frequently the culprit?
A new mutation will be more likely to fix if it causes an adaptive trait change without causing costly side-effects. In other words, mutations with little negative pleiotropy are more likely to fix than mutations with high negative pleiotropy. Mutations changing pigment production have a high potential for costly sideeffects and yet mutations in the R2R3-Myb gene seem to have much lower negative side-effects compared to mutations in other genes.
Anthocyanin pigments represent just a few of the many products of the highly conserved flavonoid synthesis pathway. Anthocyanins create the visible color in most flowers, leaves, and stems, while other flavonoids are part of complex networks of compounds involved in everything from plant defense to volatile signals, to developmental regulation [15] . Knocking out a gene that contributes to flower color could also knock out the production of one of these other important compounds. MYB transcription factors have high specificity in where (e.g., only flowers or only the leaves) and when (e.g., early in bud development or late in seed development) they are expressed [16] . This temporal and spatial specificity decreases the possible negative effects of a non-functional mutation, suggesting that, in this case, evolution is merely following the path of least resistance. The highly pleiotropic nature of the flavonoid pathway suggests that even though white flowers are not producing anthocyanin pigments, many of the genes necessary to create color pigments are still deployed in other parts of the plant and to make other products. In this scenario, genes in the flavonoid pathway will not become nonfunctional due to relaxed purifying selection in white flowered plants. Perhaps the easiest path for evolution is to fix what is broken instead of further tinkering with a highly complex genetic pathway; this is exactly what seems to have occurred in Petunia (Figure 1 ). At some point in the past, selection favored white Petunia flowers and the broken AN2 alleles spread in the ancestral lineage of the long-tube clade. After divergence between P. exserta and P. secreta, pollinator-mediated selection pressures changed and purple flowers were favored. The flavonoid pathway was ready to go -it just had to be turned on in the flowers and told to make color pigments. Although maybe improbable, a regain in function mutation in the broken AN2 was actually a relatively easy fix to the problem. This newly functional allele, and a few expression changes in other key genes, allowed for the complete regain of floral pigment in the Petunia lineage. This story is a colorful reminder of how a seemingly implausible course for evolution may actually be a sensible path to adaptation. Measuring how the brain encodes and processes an animal's own motion presents major technical challenges. New approaches demonstrate the viability and merit of measuring vestibular responses throughout the entire brain.
Loss of function in AN2

Regain
Vertebrates, from humans to fish, balance using the vestibular system. We move our bodies and limbs to stay upright, and our eyes and necks to steady vision. In doing so, we are making stabilizing movements based on information about posture -the orientation and conformation of our bodies. To detect instability, the inner ear -a.k.a. the vestibule -senses head movements [1] .
The sensation of movement is then relayed to the hindbrain and, from there, throughout the nervous system ( Figure 1A) [2, 3] . A key goal in neuroscience is to define how the brain
